Objective-To examine associations of lifetime and everyday discrimination with inflammation independent of sociodemographic characteristics.
Few studies have examined associations of discrimination with inflammation, and findings are mixed (Albert et al., 2008; Cunningham et al., 2012; Friedman, Williams, Singer, & Ryff, 2009; Lewis, Aiello, Leurgans, Kelly, & Barnes, 2010) . A study of older African-American adults (70% female) found that everyday experiences of discrimination (e.g., being treated with less respect than others or as if you are not smart) were associated with higher levels of C-reactive protein (CRP) after adjusting for sociodemographic characteristics (Lewis et al., 2010) . In addition, a recent longitudinal study found white women reporting 3 or more major lifetime experiences of racial/ethnic discrimination and black women reporting 1-2 experiences had higher CRP levels compared with those who reported no major experiences of discrimination after adjusting for sociodemographic characteristics (Cunningham et al., 2012) . However, they also found discrimination was inversely associated with CRP in black men and unassociated with CRP in white men. A study of non-Hispanic black, non-Hispanic white, and Hispanic adults living in Dallas found no association between lifetime racial/ethnic discrimination and CRP for any race/ethnic group (Albert et al., 2008) . A study of chronic discrimination and E-selectin, a cell adhesion molecule expressed as part of the inflammatory response to endothelial damage, in a sample of whites found higher lifetime discrimination (due to any attribution) and higher everyday discrimination was associated with higher E-selectin in men; they found no association in women (Friedman et al., 2009 ). stressors over time (e.g., being unfairly fired, being denied housing), while everyday discrimination reflects chronic exposure to more minor, day-to-day stressors (e.g. being treated with less respect, receiving poorer service in stores and restaurants) (Williams, Neighbors, & Jackson, 2003) . Both represent salient sources of stress, and while stress theorists argue that, in general, chronic exposures to stress are more strongly linked to health outcomes than acute exposures (Cohen, Kessler, & Gordon, 1995) , findings from Friedman et al, (2009) with E-selectin suggest that in the case of discrimination both types of discrimination may be equally predictive of inflammation. In addition, it remains unclear whether discrimination attributed to race/ethnicity in particular is associated with worse health outcomes. Many studies indicate the experience of discrimination is a stronger predictor of health than the attribution, but more research is needed in this area (Lewis, Cogburn, & Williams, 2015) .
In this paper we examine associations of everyday and lifetime discrimination with IL-6 and CRP in participants of the Multi-Ethnic Study of Atherosclerosis study. Based on previous research showing gender and race/ethnic differences in the relationship between discrimination and inflammation (Cunningham et al., 2012; Friedman et al., 2009 ) as well as differences in health behaviors adopted to cope with stress (Block, He, Zaslavsky, Ding, & Ayanian, 2009; Kershaw, Mezuk, Abdou, Rafferty, & Jackson, 2010) , we tested for interactions of discrimination with gender and race/ethnicity. This research builds on the existing literature in several ways. No studies to our knowledge have assessed relationships of discrimination with multiple markers of inflammation and none have examined IL-6. IL-6 is hypothesized to contribute to the development of coronary heart disease via multiple mechanisms (Yudkin, Kumari, Humphries, & Mohamed-Ali, 2000) . It induces CRP secretion in response to stress, but it has also been shown to predict CVD mortality independent of CRP . Thus, IL-6 and CRP represent related but distinct markers of inflammation. A better understanding of the impact of discrimination on different inflammatory markers may help elucidate the mechanisms underlying the impact of discrimination on CVD risk. In addition, few studies have compared multiple measures of discrimination. This approach allows for a deeper understanding of the impact of both lifetime discrimination and everyday discrimination on inflammation, as well as the role of attribution of discriminatory experiences.
Method

Sample and Design
This study used baseline data from the Multi-Ethnic Study of Atherosclerosis (MESA), an observational cohort study designed to examine the determinants of subclinical cardiovascular disease in 6814 adults aged 45-84 years (Bild et al., 2002) . Participants free of clinical cardiovascular disease at baseline were recruited from six study sites (New York, New York; Baltimore City and County, Maryland; Forsyth County, North Carolina; Minneapolis, Minnesota; Chicago, Illinois; and Los Angeles County, California) between 2000 and 2002. The cohort was 38% non-Hispanic White, 28% non-Hispanic Black, 22% Hispanic, and 12% Chinese at baseline. At each site, random population samples were selected using various lists of area residents. Of the selected persons deemed eligible after screening, 59.8% participated in the study. Additional details including other exclusion criteria are provided elsewhere (Bild et al., 2002) . All participants provided written informed consent and the study was approved by Institutional Review Boards at each field center.
Baseline data were used because that is the only time point at which all exposure and outcome measures were assessed. Of the 6814 participants at baseline, 71 were excluded from analyses of everyday discrimination for missing data on everyday discrimination. In analyses of lifetime discrimination, 128 were excluded for missing data on lifetime discrimination due to any attribution and 129 for missing data on lifetime discrimination attributed to race/ethnicity and factors other than race/ethnicity. Another 176 were excluded from each model for missing data on other study covariates. An additional 169 were missing IL-6 and 32 were missing CRP, leaving 6398 participants for the IL-6 analyses (6341 and 6340 for lifetime discrimination attributed to any factor and race/ethnicity, respectively) and 6535 (6478 and 6477 for the lifetime discrimination exposures) participants for the CRP analyses. Participants who were excluded were more likely to have lower socioeconomic position, to be older, and to be Black.
Measures
Discrimination-Discrimination was assessed using two different scales: the everyday discrimination scale and the lifetime discrimination scale ( Table 1 ). The lifetime discrimination scale was adapted from the Detroit Area Study (Williams, Yu, & Jackson, 1999) . MESA participants were asked to report whether they were ever treated unfairly (yes/no) in the six domains listed in Table 1 . For each "yes" response, participants indicated the perceived reason for the unfair treatment (race/ethnicity; gender; age; religion; physical appearance; sexual orientation; income level/social class; other). For these analyses, three summary scores were calculated for lifetime discrimination: one without regard to the attributed reason, one specifically attributed to race/ethnicity, and one attributed to factors other than race/ethnicity. For each score, one point was assigned for each "yes" response (range: 0-6; Cronbach's alpha: 0.61).
The everyday discrimination scale was based on 9 questions adapted from The Detroit Area Study (Williams, Yan, Jackson, & Anderson, 1997) . This measure was designed to capture day-to-day minor incidents of unfair treatment and has been widely used to measure discrimination across different race/ethnic groups (Gee, Spencer, Chen, & Takeuchi, 2007; Perez, Fortuna, & Alegria, 2008; Williams et al., 2003) . Participants were asked to indicate the frequency of encounters in which they perceived that they were treated unfairly (e.g., treated with less courtesy than others, receive poorer service than others) on a day-to-day basis. The perceived reason for this unfair treatment was not assessed. Response options were on a 6-point scale: 1=almost every day; 2=at least once a week; 3=a few times a month; 4=a few times a year; 5=less than once a year; and 6=never. A summary score was created by summing across the nine items with higher scores indicating more everyday discrimination (range: 9-54; Cronbach's alpha: 0.88). Discrimination was modeled continuously in these analyses.
Inflammatory markers-CRP (mg/L) was measured by nephelometry (BNII nephelometer, Dade Behring, Deerfield, IL). The intra-assay and inter-assay analytical coefficients of variation for CRP ranged from 2.3%-4.4% and from 2.1%-5.7%, respectively. IL-6 (pg/mL) was measured by ultrasensitive enzyme-linked immunosorbent assay (R&D Systems, Minneapolis, MN) with an analytical coefficient of variation of 6.3%. The distributions of both IL-6 and CRP were highly skewed, so they were log-transformed for the analyses.
Covariates-Sociodemographic variables included in the analyses were age, education (categorized as high school diploma/GED certificate or less; some college but no degree; and college or more completed), income (quartiles), and employment status (dichotomized as employed, homemaker, or retired vs. unemployed). Anti-inflammatory medication use was defined as reporting currently using non-steroidal anti-inflammatory agents, oral antiinflammatory agents, or aspirin at least 3 days per week. Hormone replacement therapy use was dichotomized as current versus not current. Recent infection was defined as reporting an acute infection within the 2 weeks prior to the baseline interview including fever, cold or flu, urinary infection, sinusitis, gout flare-up, and arthritis flare-up.
Diabetes was defined as having a fasting glucose ≥ 126 mg/dl or being on insulin or oral hypoglycemic medications (American Diabetes, 2004) . Hypertension was defined as having a diastolic blood pressure ≥ 90 mm Hg, a systolic blood pressure ≥ 140 mm Hg, or reported use of blood pressure-lowering medications ("The sixth report of the Joint National Committee on prevention, detection, evaluation, and treatment of high blood pressure," 1997). Plasma total cholesterol (mg/dl) was measured by the cholesterol-oxidase method (Paramsothy et al., 2010) and statin medication use was based on self-report. BMI (kg/m 2 ) was modeled continuously using measured height (in m) and weight (in kg). Physical activity was categorized as high (≥1000 MET-minutes per week of energy expenditure from recreational activity), intermediate (< 1000 MET-minutes per week), or physically inactive based on the 2008 Physical Activity Guidelines for Americans (U.S. Department of Health and Human Services). Cigarette smoking was categorized as current, former, and never (reference), and alcohol use was dichotomized as current vs. not current. Depressive symptoms were assessed continuously using the 20-item version of the Center for Epidemiologic Studies Depression Scale (CES-D) (Radloff, 1977) . The potential range for this scale is 0 to 60.
Data Analysis
Descriptive statistics for selected participant characteristics were generated. Linear regression on the log-transformed inflammatory markers was used to estimate percent differences in the geometric mean of inflammatory markers associated with a standard deviation increase in each discrimination measure before and after adjusting for confounders and mediators. Four models were fit for each outcome. Model 1 adjusted for age, income, education, employment status, recent infection, anti-inflammatory medication use, and current hormone replacement therapy use as potential confounders. Models 2-4 sequentially adjusted for behavioral and biological factors that could act either as confounders or mediators of the discrimination-inflammation relationship. The cross-sectional study design precludes us from definitively making this distinction, but we have modeled these separately as potential factors on the causal pathway linking discrimination to inflammation. Model 2 adjusted for lifestyle factors including current smoking, current alcohol use, physical inactivity, and depressive symptoms. Model 3 further adjusted for BMI, and Model 4 adjusted for diabetes, hypertension, total cholesterol, and statin medication use. Moderation of associations of discrimination with inflammation by race/ethnicity and gender was assessed by testing discrimination*gender and discrimination*race/ethnicity interaction terms in models adjusted for Model 1 covariates.
Statistical mediation was assessed for any Model 2-4 covariates that attenuated associations of discrimination with inflammation using the PROCESS macro for SAS (Hayes, 2013) . Ordinary least squares regression was used to estimate indirect effects of discrimination on inflammation through the potential mediator(s). Bootstrapping of the sampling distribution of the indirect effects was used to derive bias-corrected 95% confidence intervals (CIs) and assess statistical significance. Bootstrap estimates were based on 10,000 draws with replacement from the current sample. Statistical significance was determined at the level of α=0.05. One potential concern is that the numerous statistical tests performed in this study (two types of discrimination and two measures of inflammation) may result in p-values less than 0.05 by chance, even if all of our null hypotheses are really true. To account for this, findings were also evaluated for statistical significance after adjustment for multiple tests using Bonferroni's method (α=0.05/4=0.0125). All analyses were carried out using SAS 9.4 (SAS Institute, Inc., Cary, NC).
Results
Our tests of interaction terms of discrimination with race/ethnicity and discrimination with gender revealed the majority of associations varied by gender but not race/ethnicity. Only lifetime discrimination of any attribution varied significantly by race/ethnicity, and that was only for CRP (lifetime discrimination*race/ethnicity interaction, p = 0.23 for IL-6 and 0.01 for CRP). Associations did not vary significantly by race/ethnicity for everyday discrimination for IL-6 or CRP (everyday discrimination*race/ethnicity interaction, p = 0.51 and 0.79, respectively). Associations of everyday and lifetime discrimination of any attribution with IL-6 varied significantly by gender (everyday discrimination*gender interaction, p = 0.0004; lifetime discrimination*gender interaction, p = 0.04). The relationship between everyday discrimination and CRP also varied significantly by gender (everyday discrimination*gender interaction, p = 0.02); there was no significant variation by gender in the association between lifetime discrimination of any attribution and CRP (lifetime discrimination*gender interaction, p = 0.23). Given the more consistent differences in discrimination-inflammation associations by gender, gender-specific estimates are provided for all analyses.
Mean discrimination scores were slightly higher for men than women (Table 2) . A greater percentage of women were in the lowest socioeconomic category than men; women were also less likely to be currently employed. Current smoking and current alcohol use were more prevalent among men than women, while physical inactivity and BMI were higher for women. Geometric mean IL-6 and CRP were both higher among women than men.
Among women, IL-6 levels were 3.0% higher (95% CI: 0.7%, 5.2%) for each standard deviation increase in everyday discrimination score after adjusting for age, race/ethnicity, education, income, employment status, recent infection, anti-inflammatory medication use, and current hormone replacement therapy use (Table 3) . This association attenuated with further adjustment for BMI (1.1%; 95% CI: −1.0%, 3.2%). BMI was a significant mediator of the everyday discrimination-IL-6 relationship (a*b = 0.03; 95% CI: 0.02, 0.04). Higher everyday discrimination was significantly associated with higher BMI (not shown in table; β = 0.44; 95% CI: 0.29, 0.58), and higher BMI was significantly associated with higher IL-6 (not shown; 4.4%; 95% CI: 4.1%, 4.7%). Findings were essentially unchanged in models further adjusted for diabetes, hypertension, total cholesterol, and statin medication use. In contrast, for men, IL-6 levels were 2.6% lower (95% CI: −4.9%, −0.2%) for each standard deviation increase in everyday discrimination score in Model 1. Although the point estimates only changed slightly across models, this association was not significant after adjustment for multiple tests in initial models, but became stronger (p<0.0125) in models adjusted for BMI and biological CVD risk factors.
Higher reported lifetime discrimination due to any attribution was associated with higher IL-6 among women after adjusting for age, race/ethnicity, education, income, employment status, recent infection, anti-inflammatory medication use, and current hormone replacement therapy use (Model 1, 4.6%; 95% CI: 2.3%, 7.0%). As with everyday discrimination, this association was attenuated with adjustment for BMI (Model 3, 2.3%; 95% CI: 0.1%, 4.6%). Higher lifetime discrimination was significantly associated with higher BMI (not shown in table; β = 0.43; 95% CI: 0.29, 0.56). BMI was a statistically significant mediator of associations of lifetime discrimination due to any attribution (a*b = 0.03; 95% CI: 0.02, 0.04). Findings for lifetime discrimination attributed to race/ethnicity (a*b = 0.03; 95% CI: 0.02, 0.04) and lifetime discrimination attributed to other factors (a*b = 0.02; 95% CI: 0.003, 0.04) were similar but associations did not remain statistically significant with adjustment for BMI. Higher lifetime discrimination attributed to race/ethnicity (β = 0.28; 95% CI: 0.14, 0.41) and other factors (β = 0.31; 95% CI: 0.18, 0.45) were both related to higher BMI. Lifetime discrimination was not associated with IL-6 among men.
Among women, none of the discrimination measures were significantly associated with CRP levels (Table 4 ). For men, all point estimates were stronger for associations between everyday discrimination and CRP compared to IL-6, but none reached statistical significance. In addition, neither measure of lifetime discrimination was significantly associated with CRP in men.
Discussion
In a multi-ethnic cohort, everyday experiences of discrimination and lifetime discrimination were associated with higher IL-6 in women. This positive association appeared to be mediated by BMI. Everyday discrimination was inversely related to IL-6 among men, but there was no association between lifetime discrimination and IL-6. Discrimination was unassociated with CRP in both men and women.
Among women, the relationship between discrimination and IL-6 was similar in magnitude and significance across the measures of discrimination. This is consistent with a review of previous research by (Lewis et al., 2015) which found similar associations of both racial and nonracial discrimination with health. These results support the theory that experiences of discrimination are more salient predictors of health than the attributions of these experiences. In contrast, findings were not consistent for men, with everyday discrimination being the only measure significantly associated with IL-6.
In addition, while higher everyday discrimination was associated with higher IL-6 among women, it was linked to lower IL-6 among men. Reasons for the gender difference in associations of everyday discrimination with IL-6 are not clear. It may reflect gender differences in the extent to which these everyday experiences of discrimination are appraised as stressful. Unfortunately measures were not available to assess this possibility. These divergent findings may also be indicative of gender differences in the choice of stress-coping behaviors (Block et al., 2009; Grunberg & Straub, 1992) . More specifically, it is possible that experiences of discrimination decrease protective psychological or behavioral activities in women, but increase these same behaviors in men. For example, a laboratory study in healthy, non-smoking men and women found the introduction of acute stressor resulted in some increased food consumption among women but lower consumption among men (Grunberg & Straub, 1992) . This may also explain why adjusting for BMI only attenuated the relationship between everyday discrimination and IL-6 in women.
The significant associations between discrimination and IL-6 among women in the current study was independent of a number of factors known to be associated with inflammation including sociodemographic characteristics, recent infection, medication use, and depressive symptoms. However, they were largely accounted for with adjustment for BMI. Due to the cross-sectional nature of this study, it cannot be determined whether the attenuated association found for women indicates BMI is a confounder or a mediator. BMI could be acting as a confounder, given that it is a strong correlate of inflammatory cytokines like IL-6 and CRP (Barinas-Mitchell, Cushman, Meilahn, Tracy, & Kuller, 2001; Visser, Bouter, McQuillan, Wener, & Harris, 1999) . Alternatively, BMI could be acting as a mediator if women who are exposed to everyday discrimination gain weight as a result (e.g., by eating unhealthy foods to cope with the stress of discrimination (Adam & Epel, 2007; Dallman et al., 2003) ).
Our formal test for mediation showed BMI was a statistically significant mediator for all 3 measures of discrimination, and there is some evidence in the literature supporting the role of weight gain as a mediator. Cross-sectional studies have shown perceived everyday discrimination is associated with obesity (Hunte, 2011; Hunte & Williams, 2009 ) and visceral fat accumulation (Lewis, Kravitz, Janssen, & Powell, 2011) . In addition, a prospective study found higher levels of perceived everyday and lifetime racism was related to weight gain (Cozier, Wise, Palmer, & Rosenberg, 2009) . Another longitudinal study found increases in self-reported discrimination were associated with increases in waist circumference and BMI in black women, but not in white women or men (Cunningham et al., 2013) .
Findings for CRP were weaker than findings for IL-6 among both men and women. One explanation for this is that greater variability in CRP levels among participants compared with IL-6 levels, led to less precise estimates. This may explain findings for men in particular, given the point estimates for associations of discrimination with CRP were generally stronger than those for IL-6, but the confidence intervals were also wider. However, for women, point estimates for associations of each discrimination measure with CRP were much weaker than associations with IL-6. Further work is needed using multiple markers of inflammation to better understand reasons for these differences.
Although we found associations of discrimination with inflammation varied by gender, we found little evidence of heterogeneity by race/ethnicity. Prior findings in MESA describe higher reporting of lifetime and everyday discrimination in blacks than other race/ethnic groups but no differences in the associations of discrimination with hypertension (Mujahid, Diez Roux, Cooper, Shea, & Williams, 2011) and poor health behaviors (Borrell et al., 2010) . This suggests experiences of discrimination have a similar impact on the health of different race/ethnic groups but that the differential prevalence of these experiences may make discrimination more detrimental to the health of blacks.
This study has several strengths and limitations. An important strength of this study is that discrimination was measured using two previously validated psychometric instruments that have been commonly used in population-based studies (Williams et al., 1997) . In addition, although this study was cross-sectional, inflammation is an asymptomatic condition, and thus was less likely to bias study findings by influencing individuals' recall of experiences of discrimination. It also reduces the likelihood that differential missing data by race/ethnicity, age, and SEP was associated with our study outcome, which means our findings are less susceptible to nonresponse bias. This is particularly true given this population is free of clinical cardiovascular disease.
A major limitation of the cross-sectional design of this study is that it does not allow for an assessment of whether experiences of discrimination influence changes in inflammation over time. Another limitation is that differences in the appraisal of exposure to discrimination could not be measured, which may help explain the gender differences. In addition, the MESA cohort is not necessarily representative of all populations, which may limit generalizability. Specifically, the fact that they are all free of clinical cardiovascular disease may mean they are healthier than the general population.
Few studies have examined associations of discrimination with markers of inflammation. These findings provide some evidence supporting inflammation as a pathway linking discrimination to poor cardiovascular health among women, with BMI potentially representing a key upstream determinant of both inflammation and cardiovascular health disparities. Given the well-documented disparities in obesity by race/ethnicity and SEP among women, it is essential to elucidate how discrimination influences BMI and what resources may be used to buffer the adverse health impact of discrimination. Further work is needed to better understand the mechanisms linking discrimination to different markers of inflammation and to uncover explanations for gender differences in these relationships. Kershaw Table 3 Percent difference (95% CI) in interleukin-6 associated with a standard deviation increase in everyday and lifetime discrimination scores according to gender 
